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Description 

Production Procedure with PCB 

Calibration 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to a test system for the post- 
production testing of an optical pick-up head control PCB 
for an optical disc drive. 

[0003] 2. Description of the Prior Art 

[0004] Optical disc drives, of one form or another, have been 
considered standard equipment for personal computers 
for several years. Generally speaking, optical disc drives 
are used to read information stored on an optical disc. 
Examples of optical disc drives are known as compact disc 
drives (CD-ROM drives) and digital versatile disc drives 
(DVD-ROM drives) in the prior art. Some optical disc 
drives have the additional capability of being able to 
rewrite data onto an optical disc, for example CD-RW and 



DVD-RW drives. Optical disc drives are used in the play- 
back and writing of many varieties of digital media includ- 
ing music, video, images, data archives, software and 
games. 

[0005] pig.l is a perspective view of a typical optical disc drive 
unit with ancillary components removed for clarity. Pro- 
duction of an optical disc drive 10 involves high precision 
manufacture, assembly and testing of at least the sub- 
modules detailed below: 

[0006] ii An optical disc transport or traverse (TVS) assembly. 

[0007] in An optical pick-up head (OPU). 

[0008] 1 12 a spindle assembly. 

[0009] n3 a translation mechanism. 

[0010] 12 a disc loading mechanism. 

[0011] 13 a control printed circuit board (PCB). 

[0012] 14 A chassis. 

[0013] Careful consideration must be given to matching certain 
sub-modules during assembly, for example, the perfor- 
mance of the TVS assembly 11 will depend heavily upon 
that of the control PCB 13, not least because it is respon- 
sible for the interface processing for the optical pick-up 



head. Optical pick-up heads utilize coherent light to read 
information from, and in some cases also to write infor- 
mation to, an optical disc. The coherent light source gen- 
erally takes the form of a semiconductor laser diode, the 
power output of which must be closely controlled in any 
mode of operation. It is therefore essential that the driv- 
ing and controlling circuitry of the optical disc drive con- 
trol PCB 13 can adequately control laser power within pre- 
defined limits. 

[0014] | n t he prior art, control PCBs have been tested by an ar- 
rangement utilizing a reference laser, light meter and var- 
ious other test instruments, the optical disc drive control 
PCB being used to drive the reference laser while the laser 
output power and optical disc drive control PCB output to 
the laser are measured. By varying the optical disc drive 
control PCB output to the laser, and hence the laser out- 
put power, the control PCB output can be characterized 
and any adjustment made that may be required. 

[0015] pig. 2 shows a graphical representation of a typical optical 
disc drive control PCB output characterization 20. It can 
be seen that as more drive current 22 (generally ex- 
pressed in mA) is supplied to the laser, the power output 
21 (generally expressed in mW) of the laser will increase. 



Acceptable upper 25, and lower 24 limits of the ratio 23 
of laser power output 21 to drive current 22 are pre- 
scribed for each test. By using a reference laser of known 
performance, the ability of the test PCB to control drive 
current within the predetermined limits can be judged 
against a required standard. 
[0016] without additional complexity though, this system has the 
limitation of testing only the open-loop characteristics of 
the optical disc drive control PCB, so naturally it is essen- 
tial to also test closed-loop characteristics along with 
other functions, preferably together with the TVS assem- 
bly 11 that the particular control PCB will be matched to at 
final assembly into the optical disc drive 10. Indeed, this 
is common practice in the prior art, but other factors now 
effect the manufacture of optical disc drives as described 
below: 

[0017] The above-mentioned sub-modules can, and generally 

are, manufactured at the same location, but as is increas- 
ingly the case in modern manufacturing practice, compo- 
nents and sub-modules may be outsourced or else 
shipped to different locations/customers if the manufac- 
turer is acting as a first or second tier supplier to an Orig- 
inal Equipment Manufacturer (OEM). In such a situation, 



sub-modules such as the control PCB 13 cannot be tested 
together with the TVS mechanism 11 that they will even- 
tually be embodied with into the completed optical disc 
drive 10, as they would during a single site manufacture 
and assembly process, because control of the sub-module 
selection and assembly process is relinquished to the cus- 
tomer. 

[0018] it has become important then, to develop cost effective 
and reliable test methods to ensure that sub-modules, 
and in particular control PCBs, are operable and capable of 
performing within predetermined ranges when produced 
according to the above conditions, i.e. isolated from their 
destination assembly. 

[0019] pig. 3 shows a simplified schematic view of a typical opti- 
cal pick-up head . Light from a laser 301 is collimated 
into a beam by a lens 302, a proportion of the light is re- 
flected by a polarized plane of a polarizing beam splitter 
(PBS) 303 onto a photo-detector 304, while the remaining 
light is reflected by a mirror 307 and focused onto an op- 
tical disc 309 by an objective lens 308. Light reflected by 
the optical disc 309 follows a return path which is the re- 
verse of that stated above, until the light reaches the PBS 
303, where returning light is reflected by the polarized 



plane of the PBS 303, through a lens 305 and onto a 
photo-detector 306. The photo-detector 304 is dedicated 
to the task of sensing laser power, and while the primary 
task of the photo-detector 306 is to read disc informa- 
tion, it can be seen that both photo-detectors sense laser 
output and hence can be utilized for power detection. So 
in the prior art then, the means are found to both utilize a 
laser control drive current or signal, and to measure the 

laser emissions produced thereby. 
Summary of Invention 

[0020] it is therefore a primary objective of the claimed invention 
to provide a method for testing control PCBs on a com- 
mon test device or arrangement of test devices, in order 
to solve the above problem. 

[0021] Briefly summarized, the claimed invention provides a 

method for testing an optical disc drive control PCB using 
a reference optical pick-up head, the method comprising 
of a step for measuring an output of the reference optical 
pick-up head laser in comparison to an output of an opti- 
cal disc drive control PCB under test and, a step for com- 
paring the measured value to a predetermined value and 
accordingly determining whether the optical disc drive 
control PCB under test is acceptable. 



[0022] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0023] Fig.l illustrates sub-modules of a conventional optical 
disc drive. 

[0024] pig. 2 shows a graphical representation of a typical optical 

disc drive control PCB output characterization. 
[0025] pig. 3 is a block diagram of a typical optical pick-up head. 

[0026] Fig. 4 shows an embodiment of the present invention test 
system. 

[0027] Fig. 5 shows an embodiment of the present invention test 
system. 

[0028] Fig. 6 shows an embodiment of the present invention test 
system. 

[0029] Fig. 7 is a flow diagram of the process of the present in- 
vention. 
Detailed Description 

[0030] Fig. 4 shows an embodiment of the present invention. An 
optical disc drive control PCB test jig 40, comprising a ref- 



erence optical pick-up head (OPU) assembly 111 (i.e. an 
optical pick-up head (OPU) assembly that, regarding those 
parameters that relate directly to the driving and control 
of the read/write laser, has known performance), means 
of at least initiating a test cycle and means of displaying 
the result(s) of a test cycle, has electrical connections 403 
& 409 such that an optical disc drive control PCB 13 re- 
quiring test can be readily connected to the jig 40. In the 
embodiment shown, the optical disc drive control PCB 13 
comprises at least a laser control IC 404, and a compari- 
son system 407. The comparison system 407 is an inte- 
gral part of the optical disc drive control PCB 13 in this 
embodiment, but may not necessarily be so in alternative 
embodiments. 

[0031] | n this embodiment, the means of initiating a test cycle is 
the electrical power connection 409 to the optical disc 
drive control PCB 13 under test, as the laser control IC 
404 commences the laser power test procedure shortly 
after electrical power is applied. As such, this embodiment 
also has a power-on/off switch 401. The electrical con- 
nections 403 and 409 include socket-plug connectors but 
may include other types of quick-release connectors that 
provide quick connection and disconnection of the PCB 



under test 13, to the reference optical pick-up head as- 
sembly 111 and the power-on/off switch 401. 

[0032] During the test procedure the comparison system 407 

monitors a laser control signal 405, that is, the signal cre- 
ated by the optical disc drive control PCB 13 to drive the 
read/write laser in the optical pick-up head 111, together 
with a laser power signal 406 returned by the laser power 
photo-detector 304, or the return path photo-detector 
306 as required, of the optical pick-up head 111. The 
laser control IC 404 automatically initiates a power cali- 
bration test each time power is applied in order to make 
small adjustments to compensate for component degra- 
dation over the service life of the optical disc drive 10. 
However, upon first use, i.e. during testing, the optical 
disc drive control PCB 13 requires a reference sweep, 
hence as it increases or decreases the laser control signal 
405 in steps over a range representative of the read/write 
lasers service range, it receives and stores corrections to 
the laser control signal 405 in the form of a comparison 
correction signal 411 from the comparison system 407. 

[0033] The comparison system 407 derives the comparison cor- 
rection signal 411 by monitoring the laser control signal 
405 and the laser power signal 406. With this information 



the comparison system 407 can characterize the response 
of the laser control IC 404 and compare said response to 
predetermined values. In this embodiment, the ratio of the 
laser control signal 405 to the laser power signal 406 that 
it represents, is compared to an allowable ratio range 
stored within the comparison system 407. An alternative 
embodiment involves the comparison of the laser power 
signal 406 to values stored in a look-up table within the 
comparison system 407, the location of the look-up table 
value being determined by the magnitude of the laser 
control signal 405. 
[0034] \f t a fter the final step of the test, the response of the laser 
control IC 404 is found to be satisfactory, the comparison 
system 407 will give a 'pass' indication, or if the opposite 
case is true, a 'fail' indication. The comparison system 407 
displays the above-mentioned indications via an enuncia- 
tor; in this embodiment the comparison system 407 hosts 
a pair of LEDs 408, one red LED as a 'fail' indicator and 
one green LED as a 'pass' indicator. An alternative embod- 
iment includes only a single element enunciator arranged 
as a pass indication, with no indication implying a fail, or 
vice-versa. Further alternative embodiments include using 
the following elements as pass, fail or status indicators: 



single or multiple multi-colored LEDs, filament lamps or 
audible sounder. More sophisticated embodiments may 
also utilize an LCD display. 
[0035] pig. 5 shows an embodiment of the present invention 

where, as eluded to above, the comparison system 407 is 
mounted on the optical disc drive control PCB test jig 40. 
This arrangement requires a higher degree of sophistica- 
tion of the optical disc drive control PCB test jig 40, and 
accordingly a test interface 501 and an electrical intercon- 
nection 502 are included to allow the comparison system 
407 to monitor relevant signals traveling to and from the 
optical pick-up head 111 and send the comparison error 
signal 411 to the laser control IC 404. The test procedure, 
in so far as it involves the laser control IC 404 and the 
pick-up head 111, operates in the same way as the 
above-mentioned embodiments. Again similar to the em- 
bodiment mentioned above, the comparison system 407 
displays pass/fail indications via an enunciator, although 
for embodiments in which the sophistication of the com- 
parison system 407 and/or the test interface 501, a status 
output of either element may be enhanced to include not 
only a simple visual pass/fail indication but also, for ex- 
ample, a graphical characterization of the test parameters. 



In the latter case, the graphical characterization would re- 
quire a more capable display device than a simple enunci- 
ator. Options would include an LCD display, a CRT display, 
a chart recorder, a plotter, a PC or printer. 

[0036] pig. 6 shows an embodiment of the present invention 

where the functions of the comparison system 407, test 
interface 501 and test status indications are perform by a 
PC 601 via a PC test interface 602. Again, the test proce- 
dure, in so far as it involves the laser control IC 404 and 
the pick-up head 111, operates in the same way as the 
above-mentioned embodiments. This embodiment offers 
the capability to emulate any of the above mentioned test 
status indicators, it also provides test data recording, 
archiving facilities and automatic retesting, however, em- 
bodiments utilizing less sophisticated software interfaces 
would offer fewer functions. 

[0037] pig. 7 is a flow diagram of the test process common to all 
embodiments of the present invention. A more detailed 
explanation of the steps involved follows: 

[0038] step 701: Commence testing of PCB(s) 13; 

[0039] step 702: Test PCB 13 secured to test jig 40, electrical 
connections to power supply, OPU 111 or interface 
501/602 made as necessary; 



[0040] step 703: Electrical power applied; 

[0041] step 704: The laser control IC 404 will automatically initi- 
ate a power calibration test sequence, generally ramping 
or stepping up laser drive current beginning with a lowest 
power setting, or increment/increase the laser drive cur- 
rent (laser control signal 405) depending upon previous 
steps, i.e. the output of step 711; 

[0042] step 705: The comparison system 407 compares the ratio 
23 of laser power output 21 (laser power signal 406) to 
laser drive current 22 (laser control signal 405) to prede- 
termined upper 25 and lower 24 limits; 

[0043] step 706: The comparison system 407 makes a judgment 
on whether or not the ratio 23 of step 705 complies to the 
predetermined standard; 

[0044] step 707: In the event that the value of the ratio 23 of 
step 705 falls outside the predetermined limits 24 & 25, 
the comparison system 407 produces and sends a com- 
pare error signal 411 to the laser control IC 404. The 
compare error signal 411 is a correction to be applied to 
the laser control signal 405; 

[0045] step 708: The laser control IC 404 stores the value of the 
compare error signal 411; 

[0046] step 709: The laser control IC 404 adjusts the laser con- 



trol signal 405 according to the value of the compare er- 
ror signal 411 and a process beginning with step 705 is 
repeated; 

[0047] step 710: In the event that the value of the ratio 23 of 
step 705 falls within the predetermined limits 24 & 25, 
the test is progressed to the next stage via step 711, else 
terminated via steps 712, 713 & 714; 

[0048] step 711: The laser control IC 404 increments/increases 
or decrements/decreases the laser control signal 405 as 
appropriate; 

[0049] step 712: Electrical power removed; 

[0050] step 713: Test PCB 13 electrically disconnected and re- 
moved from test jig 40; 

[0051] step 714: If another PCB 13 is to be tested then process 
from step 702 onward may be repeated; 

[0052] step 715: Cease testing. 

[0053] it should be noted that some steps of the above method 
can be performed by human operators or by machines on 
a manufacturing line. For instance, in step 702, the test 
PCB 13 can be manually secured to test jig 40. On higher 
volume production lines the test PCB 13 can be secured to 
test jig 40 as part of the manufacturing-testing process. 



Another example is the electrical power application and 
removal steps 703, 712. A human operator can simply 
toggle a power switch, or power can be applied automati- 
cally by an assembly line component. Furthermore, the 
order of the steps can be changed, additional steps can 
intervene, or steps can be removed, depending on the 
specific implementation. 
[0054] Those skilled in the art will readily observe that numerous 
modification and alternation of the device may be made 
while retaining the teaching of the invention. Accordingly, 
the above disclosure should be construed as limited only 
by the metes and bounds of the appended claims. 



